Lithium and magnesium-Grignard diorganocuprates incorporating the functionalised aryl group 2-methoxylphenyl have been prepared and structurally characterised in the solid state. 
Introduction
Organocuprates are excellent reagents for the formation of carbon-carbon bonds and have been extensively employed in synthetic methodology since the 1960s for a number of important reactions including conjugate addition, substitution reactions, coupling reactions, and carbocupration. 1, 2 However, it is only relatively recently that significant insights have been obtained into the mechanism of operation of these reagents and the origin of their unique reactivity, [3] [4] [5] including recent evidence of the important role played by Cu(III)
intermediates. 6 
Figure 1. CIP (I) and SSIP (II) structures of lithium homocuprates
One of the first key steps in building current understanding of organocuprates was identification of the structural forms adopted by these complex species. 3 Thus the resting state and also reactive form of lithium organocuprates ("R 2 CuLi", R = organo group) in non- employed a triaza-macrocyclic ligand to yield the first example of an isolable Cu(III) monoaryl species. 22 
Figure 2. Organocuprates containing amine functionalised aryl groups
In this work we investigate the role of ether functionalized aryl groups in lithium and Grignard organocuprates. There are currently no structurally characterized examples of Grignard-derived organocuprates with functionalized aryls of any sort, and as discussed above studies on functionalized lithium diarylcuprates are currently limited to just those with one or more amine donor groups. The 2-methoxyphenyl group has been selected as the organo group since organocuprates containing this ligand are readily accessible and have previously been employed in a number of synthetic protocols including the syntheses of dihydromultifidene, 23 hallucinogenic amphetamine derivatives, 24 and the anti-cancer natural product yomogin. 25 
Experimental Section

General Considerations
All experimental work was carried out under an inert atmosphere of nitrogen using standard 
Synthesis of [Cu(C 6 H 4 OCH 3 -2) 2 Mg(THF) 2 I] (3-I)
A solution of 2-methoxylphenylcopper (182 mg, 1.10 mmol) in toluene (2.6 ml) was added to a solution of (2-methoxyphenyl)magnesium iodide in THF (0.5 M, 2.20 ml, 1.10 mmol) -previously prepared from the addition of 2-iodoanisole (20 mmol, 2.6 ml) to a suspension of magnesium metal (22 mmol, 0.48 g) in THF (20 ml). Toluene (2 ml) and THF (2 ml) were added and the mixture was heated to 50 °C before filtration through celite. Storage of the filtrate at room temperature for 12 h yielded a yellow solid, which was dried in vacuo (95 mg, yield = 16%). 
X-ray Structure Determinations of 1, 2, 3-Cl and 3-Br
The crystals were all taken directly from the mother liquor, covered with a perfluorinated ether, and mounted on the top of a glass capillary under a flow of cold gaseous nitrogen. The data were collected using a Oxford Diffraction Xcalibur PX Ultra diffractometer fitted with an Oxford Cryostream low-temperature device, and the structures were refined based on F 2 using the SHLEXTL and SHELX-97 program systems. Table 2 
Results and Discussion
2-Methoxyphenylcopper(I)
The synthesis of 2-methoxylphenylcopper was first reported by Camus and Marsich in 1968, where it was observed that compared to phenylcopper and tolylcopper complexes it was less air and temperature sensitive and more soluble in organic solvents. 26 The reported synthesis of this complex was from the reaction of 2-methoxyphenyllithium with copper(I) bromide, however reproducibility of the reaction was poor in part due to contamination from lithium (most likely in the form of co-complexed 2-methoxyphenyllithium). We therefore adopted an chloride in THF to give a reproducible and high purity yield of the orange crystalline product [Cu(C 6 H 4 OMe-2)] 8 ·8THF, 1 (see Experimental Section). Though somewhat complicated due to the highly aggregated nature of the complex, the 1 H NMR spectrum of 1 is fully consistent with Camus's previously reported spectroscopic analysis of this compound.
27
A solid-state structure of 2-methoxylphenylcopper crystallised from toluene was previously reported in 1971, however the data were reported to be of poor quality due to "decomposition of the crystal" during the data collection and is consequently not published on the Cambridge Structural Database. 28 Hence, in order to allow comparisons to be drawn with the novel and are also typical for 2e−3c bonding of an aryl group to two copper atoms. [29] [30] [31] There is no evidence for Cu-C interactions between the tetrameric rings in 1, the shortest Cu…C inter- 
Lithium 2-methoxyphenylcuprate 2
Reaction of 2-methoxyphenylcopper (1) with 2-methoxyphenyllithium in toluene / THF gave a yellow solution from which crystals of [Cu 4 Li 2 (C 6 H 4 OMe-2) 6 (THF) 2 ] 2 were grown, Scheme 1. The solid-state structure for complex 2, as determined using single crystal X-ray diffraction, is shown in Figure 4 with key bond lengths and angles in Table 2 . omitting all other atoms. Thermal ellipsoids are displayed at 40% probability level.
Lithium organocuprate 2 possesses a copper to lithium ratio of two to one, despite the fact that it was formed from an equimolar mixture of its organocopper and organolithium In contrast to previously reported amino substituted homocuprates such as III (Figure 2 ), there are no Li-C ipso interactions evident within the solid-state structure of 2. The bonding behaviour of the methoxyphenyl groups therefore also differs significantly from that observed for the parent homometallic 2-methoxyphenyllithium complex, which adopts a dimeric structure in THF solution exhibiting both Li-C ipso and Li-OMe coordination. 35 In the case of 2 this can be rationalised by the strong carbophilicity of copper(I) when compared to lithium. However, despite the absence of any Li-C ipso bonding complex 2 still forms a CIP structure as opposed to a SSIP structure (Figure 1 ), which is rare for a lithium organocuprate in the presence of THF 17, 36 and can be attributed to the strong propensity of the anisyl oxygen atoms towards lithium cation coordination.
At first glance the four copper atoms in 2 appear to from a central tetrahedron with Cu…Cu distances within the range 2.476(5) to 2.824(6) Å and C-Cu-C bond angles distorted from linearity and pointing towards the centre of the tetrahedron (mean C-Cu-C, 142.74 º).
However, as discussed above for 1 and based on previous bonding studies 32 this should not be automatically interpreted to support the existence of any significant copper(I)-copper(I)
bonding. Nevertheless the Cu 4 cluster does differ from previously reported Cu(I) 4 play a large part in the supramolecular assembly of the structure.
Scheme 2. Oxidative homocoupling of 2-methoxylphenyl
On exposure to atmospheric oxygen, lithium organocuprate 2 was observed to decompose via oxidative coupling of the aryl groups to give small quantities of 2,2'-dimethoxybiphenyl (Scheme 2). By using the controlled introduction of nitrobenzene as the oxidising agent in place of atmospheric dioxygen we have been able to improve the yield of this coupling reaction to close to quantitative (>95%). In addition and as noted in the introduction above the application of lithium 2-methoxylphenyl cuprate 2 in conjugate addition reactions is already well established in the organic chemistry literature.
23-25
Magnesium-Grignard 2-methoxyphenylcuprates 3-X (X = Cl, Br, I)
Despite their widespread application in synthesis, 1 studies on the structures of Grignard organocuprates (commonly prepared from the reaction of a copper(I) salt with two equivalents of Grignard reagent) are sparse in the literature, even when compared to lithium organocuprates. We recently reported upon the first structurally characterised examples of The preparation of 3-Br and 3-Cl gave crystalline products which were shown by X-ray diffraction to exist as isostructural complexes with similar crystallographic parameters (see Table 1 ). The molecular structure of 3-Br is shown in Figure 5 and the selected bond lengths and angles for 3-Br and 3-Cl are compared in Table 3 . are omitted for clarity and thermal ellipsoids are displayed at 40% probability level. Table 3 . Selected bond lengths (Å) and angles (º) in 3-X (X = Cl, Br) X = Br X = Cl Cu-C (1) 1.9176 (15) 1.923(6) Cu-C (11) 1.9190 (16) 1.919(6) Mg-O (7) 2.0756 (13) (3) C (1)-Cu-C(11) 172.57 (7) Although it was not possible to prepare crystals of the iodo-Grignard derivative 3-I suitable for X-ray diffraction analysis, the NMR data of this complex is almost identical to that observed for both 3-Br and 3-Cl suggesting a similar Grignard diarylcuprate structure (see Experimental Section). In addition all 3-X complexes exhibit aryl-aryl oxidative coupling, either slowly over several days in the presence of atmospheric oxygen or quantitatively over 1 hour in the presence of nitrobenzene, to give 2,2'-dimethoxybiphenyl in an analogous reaction to that reported for 2 (Scheme 2).
Summary and Conclusions
Despite recent advances in the understanding of organocuprate chemistry, studies concerning the structures of organocuprates containing functionalised organo groups remain limited to a few examples of amino-functionalised diaryl lithium cuprates. Given the important role functionalised organocuprates can play in natural product and other organic synthesis protocols, we set out to explore the coordination chemistry of the 2-methoxyphenyl group in lithium and Grignard organocuprates. can be key to understanding the reactivity and mechanism of reaction of these species, 3 with the balance between CIP and SSIP species particularly important in this respect 36 . In the past such structural studies have predominately concentrated upon the role of the solvent or the steric size of the organo group. However, from this work it is apparent how the presence of additional functional groups on the organo group can also play a key role in determining the overall structure and aggregation of these reagents. It is through such studies that we are able to build a more thorough understanding of these important and widely-used reagents.
